This study compared the intestinal goblet cell density of turkey poults at 2 different ages using Alcian blue-periodic acid-Shiff (AB-PAS) and mucicarmine stains. Neutral mucins are stained with periodic acid-Shiff whereas acidic mucins are stained with Alcian blue. Mucicarmine and AB-PAS are specific to the mucins of epithelial origin. Mucicarmine has only been used for the assessment of goblet cells in human specimens, and it may have advantages for use in animals as a result of the methodological simplicity of staining as compared to AB-PAS. A mid-section of jejunum was taken from 80 turkey poults at 21 and 28 d, and fixed in 10% buffered formalin for 48 h. Each fixed tissue was dehydrated with ethanol, cleared with Sub-X, placed in paraffin wax, prepared on 2 slides, cleared and hydrated. The 2 slides were randomly assigned to 2 treatments which consisted of AB-PAS and mucicarmine stains in a completely randomized design. Goblet cell counts were taken from four villi per slide and the villus height was measured and averaged. There was no difference in the goblet cell density between the staining methods AB-PAS and mucicarmine at 21 or 28 d posthatch. These results show that both staining methods are viable for assessment of goblet cell density in turkey poults.
INTRODUCTION
The jejunum of the small intestine is the major site for digestion and absorption of nutrients, and goblet cells are located within the epithelium of the small intestine. The essential role of goblet cells as major producers of mucins is well established (Contreras-Ruiz et al., 2013) . Several techniques have been established for the assessment of goblet cells, among which are mucicarmine and Alcian blue-periodic acid Schiff (AB-PAS) techniques. Mucicarmine is one of the oldest techniques for the detection of goblet cells (Southgate, 1927) . Although not as commonly used for birds, mucicarmine staining is a valuable technique for the evaluation of goblet cells. The AB-PAS staining technique is a dual-purpose method for detecting goblet cells, and it stains both neutral and acidic mucins (Spicer, 1960) . The mucicarmine technique is mostly employed for the staining of goblet cells in human specimens. This technique has not been widely used for staining goblet cells in the small intestine of poultry. Mucicarmine may have advantages for use in animals as a result of the methodological simplicity of staining as compared to AB-PAS. Both the mucicarmine and AB-PAS technique are specific for the mucins of epithelial origin. Mucicarmine is a very simple technique for the assessment of goblet cells. This may serve as a diagnostic tool for indirectly assessing many intestinal health conditions in poultry. Comparing mucicarmine with AB-PAS may help in revealing the efficacy of mucicarmine in the assessment of goblet cells in poultry, because AB-PAS has long been employed as a useful technique in poultry species. To our knowledge, there is no information on the use of mucicarmine in the assessment of goblet cell density in poultry species. Therefore, the aim of this study is to compare mucicarmine and AB-PAS staining techniques on the goblet cell density in the jejunum of turkey poults at 21 and 28 d of age.
MATERIALS AND METHODS
The animal care and use protocol was approved by the Purdue University Animal Care and Use Committee.
Experimental Birds and Design
Day-old female turkey poults were obtained from a local commercial hatchery (Perdue Farms, Inc. Hatchery, 500 Perdue Road, Vincennes, IN 47591, U.S.A). Jejunum samples were taken from 80 turkey poults at d 21 and 28. A mid-section of the jejunum from each bird were prepared on 2 slides. Each slide were randomly assigned to 2 treatments, which consisted of AB-PAS or mucicarmine stains in a completely randomized design. Birds were killed by CO 2 asphyxiation. The small intestine was removed gently and the jejunum (section of the gut between the end of the duodenal loop and Meckel's diverticulum) was collected. A 10-cm section was cut from the mid-jejunum, gently flushed with cold sterile saline solution to remove intestinal contents and immediately placed in 10% neutral buffered formalin. Samples of jejunum were sectioned transversely (∼1 cm) at the midpoint and then fixed in a cassette and placed in 10% neutral buffered formalin, dehydrated with ethanol, cleared with Sub-X (Polysciences Inc., Warrington, PA), and placed in paraffin (Polyfin paraffin, Sigma Chemical Co., St. Louis, MO). From the paraffin-embedded tissue blocks, 3 serial 3-μm sections were cut on a sliding microtome, affixed on glass slides, deparaffinized in xylene, rehydrated through graded ethanol, and subjected to the following histochemical stains.
AB-PAS Staining Procedure
Jejunum tissues were stained with Alcian blue and periodic acid-Schiff reagent (Luna, 1968) using Alcian blue solution (1 g of Alcian blue, pH 2.5, 3 mL/L of acetic acid, and 97 mL of distilled water) for 30 min for goblet cells. This was followed by rinsing in tap water for 10 min, oxidizing in periodic acid (5 g/L) for 5 min, rinsing in lukewarm tap water for 10 min, and staining in Coleman's Schiff reagent as a counter stain (Sigma Chemical Co., St. Louis, MO) for 10 min.
Mucicarmine Staining Procedure
Sections were stained as described by Sheehan and Barbara (1980) . Tissues were stained in Wiegert's iron hematoxylin solution (alcoholic hematoxylin 50 mL, and acidified ferric chloride solution 50 mL) for 10 min. Tissues were then rinsed in tap water for 10 min, stained in Southgate's mucicarmine solution (carmine 1 g, aluminum hydroxide 1 g, 50% ethanol 100 mL) for 30 min for goblet cells, followed by rinsing in deionized water, staining in metanil yellow solution for 30 to 60 sec, and rinsing in distilled water.
Morphometric Measurements
Villus height was measured as the length from the villus tip to the channel between villi. Villi height were measured from 4 complete, vertically oriented villi per slide. The average of the 4 villi was used, and density of goblet cells was calculated as the number of goblet cells per micrometer of villus height. All measurements were performed under a National binocular light microscope (National Optical and Scientific Instruments, Inc., Schertz, TX)
Statistical Analysis
Data were analyzed using the GLM procedure of SAS (SAS Institute Inc., Cary, NC). Statistical significance 
RESULTS AND DISCUSSION
The mid jejunum, sampled for the assessment of goblet cell density in the current study was of great interest because it is a major site of nutrient absorption in poultry. The intestinal goblet cells are responsible for the production of the protective mucous blanket and secretes high-molecular weight glycoproteins known as mucins (Specian and Oliver, 1991) . Mucins produced by goblet cells are widely distributed throughout the mucosal surface layer of the small intestine, which play key roles in protecting the epithelial cells, and nutrient transport between the brush border membrane and lumen (Wang and Peng, 2008) . Goblet cell density of jejunal mucosa of turkey poults at 21 and 28 d of age using AB-PAS and mucicarmine staining methods are presented in Table 1 . Micrographs of jejunal mucosa of turkey poults at d 21 and 28 post-hatching stained with Mucicarmine or AB-PAS are shown in Figure 1 .
In broiler chicks the number of goblet cells increases with age (Uni et al., 2000 (Uni et al., , 2003 Geyra et al., 2001; Smirnov et al., 2006 ). In the current study, the density of goblet cells increased numerically in both mucicarmine and AB-PAS staining methods from d 21 to 28 in the jejunal mucosa of turkey poults. This result indicates that the goblet cell density of turkey poults might be similar to that of broiler chicks.
In the current study, there was no difference in goblet cell density of the jejunal mucosa regardless of whether assessed using mucicarmine or AB-PAS stain. The active dye molecule used in the mucicarmine technique is an aluminum-carmic acid complex known as carmine (Lillie, 1977) . Although the exact mechanism by which this complex stains mucins is unknown, evidence suggests that it is by electrostatic attraction to the anionic groups of acid mucins. This theory is supported by the observations that tissue sites containing an abundance of neutral mucins demonstrate little or no staining, whereas sites of the gastrointestinal tract that are known to contain acid mucins stain strongly with mucicarmine (Lauren and Sorvari, 1969) . The AB-PAS is used to differentiate neutral and acidic mucins within a tissue section (Mowry, 1963) . Acidic mucins are stained blue with Alcian blue (AB), and periodic acid-Schiff (PAS) stains neutral mucins magenta. Tissues and cells that contain both neutral and acid mucins stain varying shades of purple due to the binding of AB and the reaction with Schiff reagent (Spicer, 1960) , this was not observed in the current study, but the entire jejunal tissue stained blue, which indicates that jejunal tissue of turkey poults might contain only acidic mucin. This might give an explanation as to why no differences were observed. High density of acid mucins were observed in the small intestine in previous studies (Sakata and Engelhardt, 1981) . Some studies suggested that acid mucins possess better qualities against bacterial translocation in the mucosa because it is relatively resistant to the glycosidase and protease of bacteria (Fontaine et al., 1996) .
Due to methodological simplicity, mucicarmine staining technique might be of great advantage in the assessment of goblet cell density of turkey poults. Perhaps the similarity in color between goblet cells and the deep rose and metanil yellow counterstain of mucicarmine might pose a challenge in the counting of goblet cells under a light microscope, which may account for why it has not been used in the assessment of goblet cell density in poultry. The use of software program in counting goblet cells alleviates this and reduces errors. The AB-PAS, unlike mucicarmine, gives a distinct color of the goblet cells relative to the background of the counter stain.
Results of the current study show that both staining methods are viable for assessment of goblet cell density in turkey poults and there is no difference between the 2 techniques. Further research in other poultry species is required.
